ABSTRACT. This report describes the clinical, macroscopic, histopathological and immunohistochemical features of a spontaneous multicentric extraskeletal sarcoma in an adult male African hedgehog (Atelerix albiventris). It also provides a succinct up-to-date review on neoplasia in this species. On autopsy examination, main gross findings included a moderately demarcated cranial mass and a multilobulated, caudal intra-abdominal mass. The cranial mass had perforated the underlying temporal and occipital bones and had extended into the cranial vault and was compressing the surface of the cerebellum and cerebrum. Histologic, histochemical and immunohistochemical analyses supported a diagnosis of multicentric poorly differentiated spindle cell sarcoma with fibrosarcomatous, storiform and myxoid foci. The high incidence of neoplasia and cross similarities renders the African hedgehog a suitable species for comparative pathology studies.
The African pigmy hedgehog (Atelerix albiventris; Family Erinaceidae) has become an increasingly popular pet in many countries. As a consequence, knowledge on health and disease aspects of this species has correspondingly increased, and neoplasia has been recognized as a leading cause of morbidity and mortality in captive individuals [33] . Table 1 presents neoplastic conditions currently described in the literature for this species. While aged individuals appear to be at increased risk, no gender predisposition has been identified.
Most hedgehog tumors are malignant and are reported to have a poor prognosis [38, 39] . The organ systems most often involved include the integumentary, hemolymphatic, digestive, endocrine and reproductive systems [38, 39] . Mesenchymal tumors typically involve the musculoskeletal system and are reported to be less common than either epithelial or round cell tumors [39] .
Diagnosis of soft tissue sarcoma (STS) largely relies on histological, immunohistochemical, molecular and/or genetic features. Anatomical location and ultrastructure are also helpful in the diagnosis. More than 50 histological subtypes of STS have been recognized in human medicine and are often associated with unique clinical, prognostic and therapeutic features. Several histological grading systems have been published and correlate with prognosis in humans [12] and in veterinary species, mainly dogs [29] . Histopathological typing and grading, mitotic count and tumor necrosis are the most significant parameters to prognosticate clinical course and therapy [12] .
In veterinary medicine, STS includes peripheral nerve sheath tumors (nonbrachial plexus), fibrosarcoma, liposarcoma, perivascular wall tumors, pleomorphic sarcoma, malignant mesenchymoma and undifferentiated sarcomas (US). This report describes the clinical, macroscopic, histopathological, histochemical and immunohistological features of a spontaneous multicentric extraskeletal sarcoma in an adult, male, pet African hedgehog. A 220 g, two-year-old, intact male, white and brown African pygmy hedgehog was presented to the Veterinary Medical Teaching Hospital at Texas A&M University for inability to walk normally for an undetermined period of time. Previous health problems included resolved acariasis by Caparinia tripilis and mild ataxic gait of unknown aetiology; yet, 'Wobbly Hedgehog Syndrome' (WHS) was suspected. On physical examination, the patient was weak, thin and severely ataxic. Attempts to walk resulted in whole body tremors with a lean towards the right. Motor control and proprioception were intact, but weakness and ataxia were present in all four limbs. Palpation of the abdomen revealed a large, firm lobulated mass in the caudal abdomen. Whole body computed tomography analysis revealed an osteolytic neoplasm on the right dorsal head that invaded the skull causing compression and displacement of the brain, and a large mass in the caudal abdomen that displaced the intestine cranial and dorsal to the mass. Major consideration was given to neoplastic disease; however, the organ of origin of the abdominal mass was uncertain. Given a poor prognosis, euthanasia was elected and an autopsy followed.
Upon dissection of the peritoneal cavity, a 3 × 2.6 × 3.1 cm firm, mottled dark red multilobulated mass with subserosal strands of clotted blood, was attached to the cranial serosal surface of the left spermatic cord (Fig. 1) . Additionally, a 6 × 6 × 6 mm, tan to dark red, moderately well-demarcated and firm mass was noted between the ventral surfaces of the right caudal temporal musculature and periosteal surface. The mass perforated the underlying temporal and occipital bones and extended into the cranial vault for a distance of approximately 3 mm where it mildly compressed the underlying cerebellum and cerebrum (Inset Fig. 1 ). Lungs were grossly normal and free of metastatic nodules. Selected tissues including lung samples were collected and fixed in 4% buffered formalin and processed as routine for histopathological and immunohistochemical analyses. Masson's trichrome stain was performed on selected tissue sections.
Histologically, both the right temporoparietal and abdominal masses consisted of loose to densely packed spindle-shaped neoplastic cells arranged in interlacing bundles and sweeping fascicles occasionally angled in a 'herringbone pattern'. Tumor tissue formed large lobules supported and delineated by fibrovascular connective stroma (Figs. 2 and 3) . Tumor cells had small to moderate amounts of eosinophilic fibrillary cytoplasm with indistinct borders. Nuclei were oval with finely stippled chromatin and contained a nucleolus (Fig. 2) . Anisocytosis and anisokaryosis were moderate, and karyomegaly and binucleation were occasional. Mitotic count averaged 3-4 per ten 400 × fields, distributed mostly toward the leading edges of the neoplasm. Single cell necrosis/apoptosis was frequent. The center of the abdominal neoplasm contained large areas of necrosis with hemorrhage, fibrin and variably mineralized necrotic small caliber vessels. Multifocal areas wherein tumor cells adopted a storiform pattern coexisted with myxoid foci (Fig. 2) . Tumor cells merged indistinctly with the supporting connective trabeculae, which were mostly composed of a stellate population of plump fibroblasts and a loosened edematous mat of collagen fibers. Small numbers of lymphocytes, plasma cells and hemosiderin-laden macrophages accompanied infiltrates of tumor cells. No lymphovascular invasion was noted. Additionally, tumor cells of the cranial neoplasm infiltrated the right temporal muscle and dissected between scattered atrophic, degenerate and necrotic skeletal muscle fibers that in some areas had been replaced by tumor cell infiltrates (Fig. 3 ).
Masson's trichrome staining revealed inconsistent intercalated intra-tumor foci with none to mild collagen production, resembling fibrosarcomatous change. Approximately 80-100% of the tumor cells showed moderate to marked, granular to diffuse cytoplasmic immunolabeling for vimentin (monoclonal; 1 in 3,000 dilution; Biogen, Istanbul, Turkey) (Fig. 3) . Tumor cells did not display immunopositivity for desmin (monoclonal; 1 in 10 dilution; Biocare, Concord, CA, U.S.A.), smooth muscle actin (SMA; monoclonal; 1 in 1,500 dilution; Dako, Glostrup, Denmark), α-sarcomeric actin (monoclonal; 1 in 100 dilution; Dako), myoglobin (Myo; polyclonal; ready to use; Cell Marque, Rocklin, CA, U.S.A.), S-100 (monoclonal; ready to use; Cell Marque), factor VIII (polyclonal; ready to use; Cell Marque), cluster of differentiation (CD)-31 (monoclonal; ready to use; Cell Marque) and ionized calcium-binding adapter molecule 1 (Iba-1; polyclonal; 1 in 1,500; Wako, Osaka, Japan). Although scattered tumor foci resembled fibrosarcoma, overall the above histopathological, histochemical and immunophenotypical findings rendered a diagnosis of spontaneous, extraskeletal, multicentric, poorly differentiated soft tissue spindle cell sarcoma most appropriate.
Additional relevant histopathological findings included marked, bilaterally symmetrical white matter spongiosus with axonal degeneration and loss, rare acute neuronal degeneration and necrosis, and mild astrocytosis in the midbrain, cerebellum and brainstem, and the ventrolateral and dorsal funiculi in the cervical, thoracic and lumbar spinal cord. These changes were consistent with those described in 'Wobbly Hedgehog Syndrome' (WHS) [16] .
In the present case, the histological, histochemical and immunohistochemical features of the tumor cells in both neoplastic growths are suggestive of a poorly differentiated grade 2/3 soft tissue sarcoma with a unique multicentric nature and a highly aggressive and infiltrative behavior for the neoplasm located in the right temporoparietal region. Ultrastructural and genetic analyses might prove useful tools for a most definitive diagnosis in STS cases [3, 11] . According to the veterinary convention, several types of STS, namely fibrosarcoma and undifferentiated sarcomas (US), have been reported in this species (Table 1) . Well differentiated fibrosarcomas have been described involving the integumentary system and the oral cavity in this species [35, [37] [38] [39] 48] . Particularly, poorly differentiated or US were reported affecting the vagina [35] and the skin and subcutis [39] of two African pygmy hedgehogs. In the former, tumor cells showed immunopositivity for CD10, NSE and vimentin. Similar osteolytic and destructive neoplastic behavior to the present right temporoparietal neoplasm was noticed in a lumbar parosteal sarcoma with chondroid and osteoid differentiation in an African hedgehog [32] . The neoplasm had eroded through the dorsal laminae of the lumbar vertebrae and extended into the vertebral canal, compressing the spinal cord and extending down the epineurium of spinal nerve roots. Interestingly, the authors found probable retroviral virions associated with multicentric sarcomas in the former and another case. In our case, no tissue was available for ultrastructural analysis, so a viral aetiology for these neoplasms remains unknown.
Metastasis in the present case is unlikely given absence of lymphovascular invasion in tissue sections examined and in the lungs. Multifocality and multicentricity are two somewhat confusing concepts in tumor development [7] . While multifocal tumors (typically due to local/regional metastasis) originate from a unique cellular clone and grow multifocally in a single organ, multicentric tumors develop simultaneously in more than one organ but without a clonal relationship with respect to their carcinogenesis [7] . Therapeutic response differences may exist between single (unicentric), multicentric and multiple (regional metastatic) tumors [7] . In the present case, although tumor clonality was not assessed, the phenotypical and immunophenotypical features of the tumor growths, along with their distribution, support a multicentric nature. To the author's knowledge, no STS with similar anatomical, histological and immunohistochemical features has been reported to date in this species.
Histological findings in the central nervous system are those described in WHS [11] and are likely to have played a major role in neurologic signs displayed by this patient, along with mild compression of the temporal mass on the brain and speculative neoplasia-related pain.
This case report expands the body of knowledge of neoplastic disease in African hedgehogs, in particular of STS, which appear to be underrepresented [35] . The high incidence of neoplasia and cross similarities renders the African hedgehog a suitable species for comparative pathology studies.
